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Abstract: Providing physical activity opportunities to children throughout the school day may be
beneficial for children’s health and learning. Existing practices regarding the frequency, type and
context of physical activity opportunities being provided to children in the early years of primary
school remains largely unknown. The aim of this study was to observe Year 1 children’s physical
activity and its contexts during school class time and identify opportunities to incorporate additional
activity. A cross-sectional study was conducted with 34 Year 1 children (20 boys, 14 girls; mean age
= 6.36 ± 0.34 years) from one primary school in Queensland, Australia. A modified version of the
Observational System for Recording Physical Activity in Children—Elementary School was used
to assess children’s physical activity and its contexts during class time. Observational data were
collected over a four-week period. The frequencies (and percentages) of intervals of children’s activity
observed in sedentary, light and moderate-to-vigorous intensities during different instructional and
social contexts and physical settings were recorded and calculated. Pearson’s chi-square test of
association was conducted to evaluate whether social context (group composition) was related
to incidental physical activity. A total of 5305 observation intervals (i.e., 5 s observation interval
followed by a 25 s recording interval) were available for analysis (~44 h of observation). Year
1 children were sedentary for the majority (86%) of observed intervals during school class time.
Children spent limited time performing light (12% of intervals) and moderate-to-vigorous physical
activity (2% of intervals). Organised physical activity observed during class time included physical
education/school sport (5.9% of intervals) and classroom-based physical activity (2.8% of intervals).
When children completed activities in small groups, they were significantly more likely to engage
in incidental physical activity than when they completed activities as a whole class (χ2 = 94.73
p < 0.001). Incorporating movement into academic lessons or during transitions between lessons
and classrooms may encourage children to be more active. Incidental physical activity may also be
promoted through small group activities. Schools should ideally be encouraged and supported to
employ a whole-of-school approach to physical activity promotion, which includes identifying and
implementing opportunities for children to be active during class time.
Keywords: physical activity; direct observation; children; primary school; movement
1. Introduction
Overcoming low levels of physical activity (PA) among children and youth remains a
public health priority globally, with recent figures suggesting the recommended 60 min
of moderate-to-vigorous physical activity (MVPA) per day for optimal health are still
not being adequately achieved [1]. A child or young person’s participation in regular
PA is positively associated with numerous physical and mental health indicators [2–6],
including cognition and academic performance [7,8]. Consequently, research evaluating
the effectiveness of school-based PA interventions for improving children’s health and
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education outcomes has gained considerable momentum in recent years [7,8]. Although
evidence to support beneficial effects of PA interventions on children’s cognition and
overall academic performance remains inconclusive, strong evidence for beneficial effects
on children’s mathematical outcomes has been reported [7,8]. Researchers have proposed
a number of mechanisms that may underpin the PA-cognition relationship including
biological, learning and psychosocial mechanisms, however hypotheses regarding these
underlying mechanisms continue to be tested [9–12].
Healthy habits and behaviours are formed during the early childhood period [13].
Therefore, schools are ideally placed to positively influence children’s PA behaviour par-
ticularly during the early years of primary school [14,15]. For example, schools have
been encouraged to employ a whole-of-school approach to plan, implement, and evaluate
opportunities for children to be active throughout the school day through the develop-
ment of a comprehensive school physical activity program (CSPAP) [16]. The provision of
PA opportunities to students during the school day is considered a core component of a
CSPAP. Organised PA during school class time has been defined as PA undertaken during
physical education (PE) lessons, school sport and classroom-based PA and is exclusive
of participation in PA during recess and lunch time [17]. Classroom-based PA involves:
(i) integrating PA into academic lessons, (ii) providing PA breaks between lessons (with or
without an academic focus), or (iii) incorporating PA into transitions from one location to
another [16–19].
Several systematic reviews have reported beneficial effects of classroom-based PA
interventions on the health (e.g., increased PA levels) [20,21] and education (e.g., classroom
behaviour and academic performance) [18] outcomes of school students. However, notable
limitations in the methodological quality of studies included in these reviews have been
highlighted [18,20,21]. Despite these promising findings, to date there appear to be limited
objective data available regarding how often classroom teachers are currently implementing
classroom-based PA and which methods are being utilised [19,22].
During the early years of primary school, information regarding the frequency, type
and exact context of children’s PA during class time is also limited [22]. Children’s PA
in the school setting is commonly assessed using objective methods (e.g., accelerometry,
pedometry, direct observation, and heart rate monitoring) and/or subjective methods
(e.g., teacher, parent or self-report questionnaires or diaries) [23–25]. Whilst in recent
years accelerometry and pedometry have been the most common methods of objectively
measuring children’s PA [4,7,8,18], these methods are limited in their ability to capture
the types and contexts of PA [23,26]. Direct (or systematic) observation may be the most
suitable method for collecting information about the frequency, type and intensity of PA,
whilst simultaneously recording information about the physical and social environment in
which PA occurs, along with the educational context [23,26].
To inform the design of future school-based PA interventions, including classroom-
based PA interventions, with children in the early years of primary school, it is necessary to
determine existing practices regarding the frequency, type and context of PA opportunities
being provided during class time. Observation of these practices will assist in identifying
which PA opportunities may be the most realistic and practical for educators to incorporate
into an already busy classroom schedule. Therefore, the aim of this study was to directly
observe Year 1 children’s PA and the context of their PA during school class time and
identify opportunities to incorporate additional activity. Based on the findings from the few
studies which have investigated children’s PA across the primary school day using direct
observation [22,27], it was hypothesized that Year 1 children would be predominantly
sedentary during school class time, with limited opportunities to engage in physically
active lessons and PA breaks.
Int. J. Environ. Res. Public Health 2021, 18, 3676 3 of 17
2. Materials and Methods
2.1. Study Design
A cross-sectional research design was employed for this study and involved the
collection of observational data over a four-week period. Ethics approval was obtained
for the study from the Bond University Human Research Ethics Committee (Reference
number: 15547). Research and gatekeeper approval were also granted by the south east
region of the Queensland Department of Education (Reference number: 17/77163).
2.2. Setting and Participants
School principals from a representative selection of public, independent and Catholic
primary schools in south east Queensland and northern New South Wales, Australia, were
invited via email or telephone to involve their schools in the study, over the period from
July to December 2017. The school principal at one public primary school in south east
Queensland accepted the invitation and provided gatekeeper approval for four mainstream
Year 1 classes to be involved. All children enrolled in the four Year 1 classes were invited
to participate in the study. Information sheets and consent forms were circulated to the
parents and guardians of 100 children from four Year 1 classes at the school. A recruitment
goal of 40 participants was set, allowing a maximum of 10 participants to be selected
from each Year 1 class. This number of participants was calculated to provide a margin
of error of +/−15% for the population estimates derived from the sample of proportions
of classroom time spent in different levels of PA, assuming a 95% level of confidence and
a large underlying population of Year 1 children [28]. The high number of data points
arising from observation of each additional child meant that observation of a larger number
of participants, in order to further reduce the margin of error, was not feasible in the
study context and within the available time frame. Written parental consent was obtained




Age and sex were recorded for each participant and the Index of Community Socio-
Educational Advantage (ICSEA) was noted for the school. ICSEA is a scale of socio-
educational advantage calculated for Australian schools [29]. ICSEA values are set at
an average of 1000 with an approximate range from 500 (schools with students with
extremely educationally disadvantaged backgrounds) to 1300 (schools with students with
very educationally advantaged backgrounds) [29]. A questionnaire was also completed by
parents/caregivers regarding any relevant medical history for their child.
2.3.2. Observational System for Recording Physical Activity in Children—Elementary
School (OSRAC-E)
A modified version of the Observational System for Recording Physical Activity in
Children-Elementary School (OSRAC-E) [27] was used to directly observe the participating
Year 1 children’s PA in this study. The OSRAC-E is a direct observation tool designed to
collect information about children’s PA within the primary school setting [27]. In addition to
recording the intensity level and type of PA, the contextual and behavioral circumstances of
children’s PA throughout the school day may be collected. This is in contrast to other direct
observation tools, including the System for Observing Fitness Instruction Time (SOFIT) [30]
and System for Observing Play and Leisure Activity in Youth (SOPLAY) [31], which assess
children’s PA during physical education (PE) lessons and outdoor play, respectively.
Direct observation is considered a valid and reliable method for assessing PA in
children aged 3–18 years [23,26]. The OSRAC-E has been found to be a reliable direct obser-
vation system but has yet to be validated against other measures of PA [27,32]. However, to
optimize reliability and validity in the present study, data were collected using the OSRAC-
E in accordance with the recommendations developed by McKenzie and van der Mars for
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assessing children’s PA using systematic observation [26]. For example, prior to training,
the observer (a registered physiotherapist) contacted the researchers who developed the
OSRAC-E [27] to obtain the observation protocol, which included all category definitions
and coding symbols. Advice was also sought regarding the most suitable software program
to utilize to collect data electronically and subsequently the Multi-Option Observation
System for Experimental Studies (MOOSES) software program [33] (Vanderbilt Kennedy
Center, Nashville, TN, USA) was recommended. The observer reviewed the recommended
training manual and undertook video observation and coding practice prior to live coding
practice. As only one observer was involved in the study, interobserver reliability was not
of concern. Finally, the developer of the MOOSES software program [33] was consulted to
ensure correct use of the software program.
OSRAC-E Observation Protocol
The observation protocol for this study was based on that previously described by the
researchers who developed the OSRAC-E [27]. The protocol involved observing one focal
child at a time and used a momentary time-sampling procedure with a 5-s observation
interval followed by a 25-s recording interval. A 20 min observation period was chosen
for this study in accordance with the Year 1 class timetable, resulting in 40 observation
intervals for the focal child who was being observed during each observation period.
Each selected study participant was observed for approximately four 20 min periods (i.e.,
a total of 80 min per study participant). Observations were coded using the MOOSES
software program [33] on a Microsoft Surface Pro tablet. For each observation session, the
participant’s PA and its contexts were also recorded on a paper copy of the OSRAC-E, and
where additional contextual information was required for the observed activity, qualitative
information was noted.
Observation Categories and Codes
Observational information was collected, coded, and qualitatively documented across
seven observational categories including; location, PA intensity level, PA type, physical
setting, instructional setting, activity context, and group composition (for further informa-
tion regarding the categories, codes and descriptions see McIver et al. [27]). Additional
contextual information was also noted, including the time of day, reactivity to the presence
of the observer, prompts for activity, information regarding who initiated the activity and
whether transitions were directed by the teacher or incidental in nature.
Several modifications to observation categories and codes were made to contextualize
the OSRAC-E tool for the Australian primary school setting (Table A1). The instructional
setting category was modified to include codes relating to the learning areas of the Year
1 Australian Curriculum, including the core (or priority) learning areas of English and
mathematics [34]. The other code in the instructional setting category encompassed non-
academic activities that were observed, including morning roll call, free play, show and
share, meditation/mindfulness and organised school sport (excluding PE). The activity
context category was also modified to include codes relating to classroom-based PA. The
rationale for this modification was to allow for objective recording of the frequencies and
types of classroom-based PA currently being provided to students in Year 1 classrooms. The
coding of classroom-based PA was based on the definitions from the System for Observing
Student Movement in Academic Routines and Transitions (SOSMART) [22]. For example,
when classroom-based PA (excluding PE/school sport) was observed during school class
time, it was noted whether these opportunities were teacher-led or technology-led (i.e., the
teacher used technology, for example, online dance videos, to lead the activity) and whether
there was an academic or non-academic focus to the activity. The group composition category
of the OSRAC-E tool was also modified to record whether the class activity involved (i) the
whole class engaged at the same time (e.g., all children sitting on the carpet listening to the
teacher read a book) or (ii) small groups (e.g., children completing an activity while sitting
at desks/on the carpet with or in the presence of a small group of peers).
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Minor modifications were also made to the definitions of several types of transitions
that were coded under observation categories. For the instructional setting category, the
change class code was used when the teacher changed from one activity context to another.
For example, when the corresponding activity context category was coded as transition, snack
break or classroom-based physical activity (non-academic). For the activity context category, the
transition code was used when there was also a change from one activity context to another,
however, this excluded classroom-based PA and snack breaks, as they were coded separately
to better describe the nature of the transition. Transitions resulting in any light PA or
MVPA for the focal child during academic lessons (i.e., excluding PE, school sport and
classroom-based PA) were also recorded based on the definitions from the SOSMART [22].
For example, when teachers instructed the focal child to move from one area to another
(e.g., from the carpet to desks) this was recorded as a teacher-directed transition. When the
focal child moved without being instructed, this was recorded as an incidental transition.
2.4. Procedure
Observational data were collected over a four-week period during the second school
term, from the end of May to the end of June 2018. The observations were conducted and
recorded by a registered physiotherapist with experience of working with Year 1 children
in the primary school setting. For each of the Year 1 classes, observation intervals occurred
across one school week (i.e., Monday to Friday). All observation intervals took place during
scheduled school class time (excluding recess and lunch breaks). Prior to observing each
Year 1 class, the classroom teacher provided the observer with a copy of the class timetable.
The observation intervals were then randomly selected from the class timetable using a
random number generator to allocate four observation intervals for each participant from
the available 20 min time periods across the school day. In cases where a participant was
absent from class during their pre-planned observation interval, an alternative observation
interval was allocated. To minimise student reactivity to the observer being present within
the classroom, the teacher introduced the observer to the class on the Monday morning
and observation intervals were not recorded during the first lesson, whilst the children
adjusted to the observer being present. The classroom teacher and children in the class
were not aware of exactly when observations occurred, and which study participant was
being observed at any given time. Classroom teachers were advised to deliver their regular
classroom curriculum, and to not modify their curriculum in any way due to the presence
of the observer.
2.5. Statistical Analysis
Statistical analyses for this study were conducted using the Statistical Package for
the Social Sciences (SPSS) (Version 26) [35]. Using the MOOSES software program [33],
event frequencies and durations were calculated within each code group. The output
from this process was then exported into an excel spreadsheet and SPSS analysis software
(IBM Corporation, Chicago, USA). The number of observation intervals coded within
each category was then calculated. In line with the previously published study using the
OSRAC-E [27], PA intensity level was further coded and analysed as follows: Sedentary
(stationary or limbs) = Level 1 code (stationary or motionless with no major limb movement
or major joint movements) and Level 2 code (stationary with easy movement of limbs or
trunk without translocation); Light PA = Level 3 code (translocation at a slow and easy
pace); Moderate to vigorous PA = Level 4 code (translocation at a moderate pace) and
Level 5 code (translocation at a fast or very fast pace) (see McIver et al. [27] for a detailed
description of activity level codes). Cross-tabulation was used to calculate the numbers
of intervals and percentages of total intervals observed in the different PA intensity levels
by specific physical (i.e., location, physical setting), educational (instructional setting,
activity context) and social (group composition) contexts. Pearson’s chi-square test of
independence was used to evaluate whether group composition (i.e., ‘whole class’ or
‘group’) was related to PA intensity level. Pearson’s chi-square test of association was
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conducted to evaluate whether group composition was related to numbers of incidental
transitions. To determine the effect size for the proportion of variance that was common to
the two variables, Cramer’s V was calculated [36]. According to Cohen’s [37] conventions,
an effect sizeω of 0.1 can be considered small, 0.3 can be considered medium and 0.5 can
be considered large [36]. A significance level of 5% (α = 0.05) was applied to all statistical
tests.
3. Results
Data were collected for 34 study participants from four mainstream Year 1 classes at the
cooperating Australian public primary school (n = 20 boys, mean age = 6.39 ± 0.23 years,
range = 5.92–6.75 years; n = 14 girls, mean age = 6.31 ± 0.46 years, range = 5.42–7.25
years). The school ICSEA value was listed as 1059. Figure 1 summarises the flow of
participants through the study. A total of 5440 observation intervals were recorded (i.e., 2
observations/min × 20 min period × 4 periods × 34 participants). Of these observation
intervals, 135 were coded as ‘can’t tell’ for various categories due to participants moving
out of the observer’s line of sight during indoor or outdoor activities. As such, a total of
5305 observation intervals were available for analysis following removal of these intervals.
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Figure 1. Flow of participants through study.
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The frequencies of observation intervals, including percentages of total observation
intervals, occurring within each descriptive category for the observation intervals are pre-
sented in Table 1. The frequencies of observation intervals and percentages of observation
intervals categorised as sedentary (i.e., level 1 and 2 codes), light PA (i.e., level 3 codes)
and MVPA (i.e., level 4 and 5 codes) within each descriptive category are also presented in
Table 1.
Table 1. (i) Frequencies of observed intervals (and percentages of total intervals) in each category that were associated with
each observation code; and (ii) frequencies of observed intervals (and percentage of intervals) in each category that were













Total 5305 (100) 4570 (86.1) 639 (12.0) 96 (1.8)
Time of day
Morning 2465 (46.5) 2116 (85.8) 301 (12.2) 48 (1.9)
Middle 2565 (48.4) 2220 (86.5) 298 (11.6) 47 (1.8)
Afternoon 275 (5.2) 234 (85.1) 40 (14.5) 1 (0.4)
Location
Indoors 4906 (92.5) 4338 (88.4) 545 (11.1) 23 (0.5)
Outdoors 339 (6.4) 217 (64.0) 57 (16.8) 65 (19.2)
Transition 60 (1.1) 15 (25.0) 37 (61.7) 8 (13.3)
Physical activity type
Climb 11 (0.2) 11 (100) 0 (0) 0 (0)
Crawl 22 (0.4) 0 (0) 21 (95.5) 1 (4.5)
Dance 40 (0.8) 27 (67.5) 7 (17.5) 6 (15.0)
Jump/skip 19 (0.4) 0 (0) 0 (0) 19 (100)
Lie down 125 (2.4) 123 (98.4) 2 (1.6) 0 (0)
Pull/push 29 (0.5) 23 (79.3) 1 (3.4) 5 (17.2)
Run 59 (1.1) 0 (0) 0 (0) 59 (100)
Sit/squat/kneel 3177 (59.9) 3177 (100) 0 (0) 0 (0)
Stand 1187 (22.4) 1187 (100) 0 (0) 0 (0)
Throw 22 (0.4) 22 (100) 0 (0) 0 (0)
Walk 614 (11.6) 0 (0) 608 (99) 6 (1)
Physical setting
Classroom 4916 (92.7) 4349 (88.5) 544 (11.1) 23 (0.5)
Hallway 50 (0.9) 15 (30.0) 29 (58.0) 6 (12.0)
Sports field 339 (6.4) 206 (60.8) 66 (19.5) 67 (19.8)
Instructional setting
Change class * 298 (5.6) 218 (73.2) 65 (21.8) 15 (5.0)
Core learning lessons * 3828 (72.2) 3399 (88.8) 421 (11) 8 (0.2)
PE 233 (4.4) 145 (62.2) 39 (16.7) 49 (21.0)
Languages 75 (1.4) 73 (97.3) 2 (2.7) 0 (0)
Music 91 (1.7) 91 (100) 0 (0) 0 (0)
Other * 355 (6.7) 301 (84.8) 36 (10.1) 18 (5.1)
Science 130 (2.5) 124 (95.4) 6 (4.6) 0 (0)
Technologies 40 (0.8) 24 (60) 14 (35) 2 (5)
Visual arts 255 (4.8) 195 (76.5) 56 (22.0) 4 (1.6)
Activity context
Academics—Total 4337 (81.8) 3848 (88.7) 475 (11.0) 14 (0.3)
Academics—English 2435 (45.9) 2183 (89.7) 247 (10.1) 5 (0.2)
Academics—mathematics 1311 (24.7) 1158 (88.3) 150 (11.4) 3 (0.2)
Classroom PA a 151 (2.8) 121 (80.1) 17 (11.3) 13 (8.6)
Classroom PA—Teacher-led (non-academic) 50 (0.9) 41 (82.0) 2 (4.0) 7 (14.0)
Classroom PA—Teacher-led (academic) 10 (0.2) 10 (100) 0 (0) 0 (0)
Classroom PA—Technology-led (non-academic) 77 (1.5) 60 (77.9) 11 (14.3) 6 (7.8)
Classroom PA—Technology-led (academic) 14 (0.3) 10 (71.4) 4 (28.6) 0 (0)
PE/school sport 313 (5.9) 192 (61.3) 56 (17.9) 65 (20.8)
Non-academic 224 (4.2) 211 (94.2) 13 (5.8) 0 (0)
Snack 124 (2.3) 92 (74.2) 32 (25.8) 0 (0)
Transition * 130 (2.5) 82 (63.1) 44 (33.8) 4 (3.1)
TV/video 26 (0.5) 24 (92.3) 2 (7.7) 0 (0)
Group composition Whole class 2482 (46.8) 2153 (86.7) 241 (9.7) 88 (3.5)
Group * 2823 (53.2) 2417 (85.6%) 398 (14.1) 8 (0.3)
Transitions
Teacher-directed Transition * 223 (4.2)
Incidental Transition * 353 (6.7)
Classroom PA: classroom-based physical activity; PA: physical activity; PE: physical education. Values may not add up to exactly 100%
due to rounding. Sedentary (stationary or limbs) = Level 1 code (stationary or motionless with no major limb movement or major
joint movements) and Level 2 code (stationary with easy movement of limbs or trunk without translocation; Light PA = Level 3 code
(translocation at a slow and easy pace); Moderate to vigorous PA = Level 4 code (translocation at a moderate pace) and Level 5 code
(translocation at a fast or very fast pace) (a See McIver et al. [27] for detailed description of activity level codes), * See Table A1 for definitions
of modified OSRAC-E codes.
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3.1. Location and Physical Setting
Overall, the majority of observation intervals of Year 1 participants during school class
time occurred indoors within the classroom (92.5%) and these indoor intervals involved
predominantly sedentary activities (88.4% sedentary, 11.1% light PA, 0.5% MVPA; Table 1).
In contrast, Year 1 participants spent a considerably greater proportion of observation
intervals engaged in light PA and MVPA when lessons were conducted outdoors on the
sports field (light: 19.5%; MVPA: 19.8%).
3.2. Instructional Setting
The core learning areas of English and mathematics (72.2% of total intervals) repre-
sented the most common instructional contexts observed during school class time. The
majority (88.8%) of intervals observed during core lessons involved sedentary activities,
with minimal amounts of light PA (11%) and MVPA (0.2%) occurring. PE lessons were
delivered by a specialist PE teacher once a week for a duration of 60 min and represented
4.4% of the total observed intervals. The types of activities observed during PE lessons
targeted aerobic fitness (e.g., running, jumping) and motor skill development (e.g., throw-
ing, catching, kicking). Consequently, participants undertook more light PA (16.7%) and
MVPA (21.0%) during PE lessons than during core learning lessons, however, 62.2% of the
observed intervals during PE lessons still involved activities classified as being sedentary.
Close examination of the full set of PA intensity codes recorded for PE lessons (Table
S1) revealed that 22.3% of observed intervals involved activities where participants were
stationary with limb/trunk movement, consistent with activities such as standing while
throwing, catching or kicking.
3.3. Activity Context and Activity Type
The majority of the observed intervals (81.8%) involved activities that were academic
in nature and involved participants undertaking predominantly sedentary (88.7%) types
of activities whilst sitting and standing. Of the academic learning areas of the Year 1
Australian Curriculum, participants were observed engaging in activities mainly relating
to English (45.9%) and mathematics (24.7%). The regular class routine also comprised
non-academic activities (e.g., morning roll call or free-time; 4.2% of total observed intervals)
and short breaks where students were allowed to have fruit as a mid-morning snack.
Classroom-based PA (excluding PE and school sport) represented 2.8% of the total
observed intervals. Classroom-based PA predominantly had a non-academic focus and
was either delivered by the teacher (50 intervals or 0.9% of total observed intervals) or the
teacher used technology (e.g., online dance video) to deliver the activity (77 intervals or
1.5% of total observed intervals). Classroom-based PA was mostly scheduled at times when
teachers were transitioning students from one instructional context to another (change class).
Academic content was seldom incorporated into classroom-based PA that was delivered by
the teacher (10 intervals or 0.2% of total observed intervals) or delivered using technology
(14 intervals or 0.3% of total observed intervals). Overall, children’s PA intensity levels
during all types of classroom-based PA were classified as primarily sedentary (80.1%) with
minimal light PA (11.3%) and MVPA (8.6%). However, examination of the full set of PA
intensity codes recorded during classroom-based PA (Table S1) revealed that observed
intervals involved slightly more stationary activities with limb/trunk movement (45.7%)
than purely stationary activities (35.1%). This is consistent with the observation that the
most common types of activities during classroom-based PA included standing and copying
actions (43%), dancing (22.5%; e.g., copying a dance video), sitting while performing yoga
(19.9%), walking around the classroom (5.3%), jumping/skipping (4.0%), movements while
lying down (3.3%) and running on the spot (1.3%) (Table 2).
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Table 2. Types of physical activity observed during classroom-based physical activity.
Observation Category Observation Code Observed Intervals (%)












Classroom teachers used several different ways to group children during class ac-
tivities. Nearly half (46.8%) of the observed intervals involved the whole class being
engaged in activities at the same time. Just over a half (53.2%) of the intervals involved
participants undertaking activities with or in the presence of a small group of peers (e.g.,
English/mathematics group rotations or sitting at desks with a group of peers). The Pear-
son’s chi-square test of independence, conducted to examine the relationship between
group composition and levels of PA intensity, indicated a significant association between
the two variables (χ2 = 98.98 p < 0.001) and so this relationship was further explored,
graphically. Graphical representation of the observed intervals (Figure 2) indicates that
when participants were involved in whole class activities, they were more likely to engage
in MVPA, though MVPA remained relatively infrequent. Conversely, when participants
completed activities in groups, with or in the presence of their peers, they were more likely
to engage in light PA.
Int. J. Environ. Res. Public Health 2021, 18, x 10 of 17 
 
 
than when they completed activities as a whole class (χ2 = 94.73 p < 0.001, ω = 0.134; Figure 
3). However, teachers were not observed to direct children to move significantly more 
often during whole class activities than during group activities (χ2 = 1.31, p = 0.253). 
 
Figure 2. Frequencies of intervals observed in different intensity levels during whole class and group activities. 
 
Figure 3. Frequency of incidental transitions observed during whole class and group activities. 
4. Discussion 
The aim of this study was to directly observe Year 1 children’s PA and the context of 
their PA during school class time and identify opportunities to incorporate additional ac-
tivity. Overall, the study findings provide evidence that although Year 1 children are cur-
























































Figure 2. Frequencies of intervals observed in different intensity levels during whole class and group activities.
Int. J. Environ. Res. Public Health 2021, 18, 3676 10 of 17
3.5. Transitions
In relation to the location category in the observations, transitions (e.g., from sports field
to classroom) represented 1.1% of the total observed intervals and 25% of these transition
intervals were sedentary (e.g., standing in line), 61.7% involved light PA (e.g., walking) and
13.3% involved MVPA (e.g., climbing stairs). In relation to the instructional setting category
of observations, change class (i.e., indicating when the corresponding activity context
category was coded as transition, snack break or classroom-based PA—non-academic)
represented 5.6% of total observed intervals and 73.2% of these were sedentary, 21.8%
involved light PA and 5.0% involved MVPA. In relation to the activity context category of
observations, transitions (i.e., change in one activity context to another, excluding classroom-
based PA and snack breaks) represented 2.5% of the total observed intervals and 63.1%
of these were sedentary, 33.8% involved light PA and 3.1% involved MVPA (Table 1 and
Table S1). The proportion of teacher-directed transitions and incidental transitions resulting
in children undertaking light PA or MVPA (excluding observed intervals within PE, school
sport and classroom-based PA—non-academic) was 4.2% and 6.7%, respectively (Table 1).
The results of the Pearson’s chi-square test of association, conducted to examine the
relationship between group composition and occurrence of incidental transitions, indicate
that when children completed activities in small groups (with or in the presence of peers),
they were significantly more likely to engage in incidental transitions than when they
completed activities as a whole class (χ2 = 94.73 p < 0.001,ω = 0.134; Figure 3). However,
teachers were not observed to direct children to move significantly more often during
whole class activities than during group activities (χ2 = 1.31, p = 0.253).
Int. J. Environ. Res. Public Health 2021, 18, x 10 of 17 
 
 
than when they completed activities as a whole class (χ2 = 94.73 p < 0.001, ω = 0.134; Figure 
3). However, teachers were not observed to direct children to move significantly more 
often during whole class activities than during group activities (χ2 = 1.31, p = 0.253). 
 
Figure 2. Frequencies of intervals observed in different intensity levels during whole class and group activities. 
 
Figure 3. Frequency of incidental transitions observed during whole class and group activities. 
4. Discussion 
The aim of this study was to directly observe Year 1 children’s PA and the context of 
their PA during school class time and identify opportunities to incorporate additional ac-
tivity. Overall, the study findings provide evidence that although Year 1 children are cur-
























































Figure 3. Frequency of incidental transitions observed during whole class and group activities.
4. Discussion
The aim of this study was to directly observe Year 1 children’s PA and the context
of their PA during school class time and identify opportunities to incorporate additional
activity. Overall, the study findings provide evidence that although Year 1 children are
currently being provided with some occasional opportunities to be active during school
class time, children were observed to be most frequently participating in academic activities
that were sedentary in nature. Several opportunities to incorporate additional PA during
school class time were identified. These included both structured (e.g., classroom-based
PA) and unstructured (e.g., incidental movement) opportunities.
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4.1. Existing PA Opportunities Provided to Year 1 Children during School Class Time
In Australia, the primary focus of learning in the early years of school is for children
to develop essential skills in literacy and numeracy [38]. The focus on these core areas of
learning in the Year 1 Australian Curriculum was evident in the present study as Year 1
participants engaged in academic activities primarily relating to English and mathematics
for the majority of observation intervals. However, in line with other research conducted
with children in the primary school setting [27,39], findings from this study revealed that
the nature of these academic activities was predominantly sedentary. For example, in the
study by McIver et al. [27], students in Kindergarten to Grade 5 were sedentary for the
majority (84%) of observation intervals recorded using the OSRAC-E during the school
day, with very few opportunities provided to children to accumulate MVPA throughout
the school day.
In Australia it has been recommended that schools should ideally aim to deliver
150 min of organised PA to children each week [17]. It is noteworthy that in Australia,
according to the Australian Curriculum, Assessment and Reporting Authority, the recom-
mended time requirement for the subject of Health and Physical Education (comprised of
two interrelated strands including personal, social and community health, and movement
and physical activity) [40] is up to 80 h/year (2 h per school week); however, this policy is
not mandatory [41]. In this study, Year 1 children were observed being provided with sev-
eral opportunities to engage in organised PA during school class time, including planned
PE lessons, a sports carnival (which replaced the weekly PE lesson) and classroom-based
PA, but the time allocated was limited. Although it was not possible to quantify the exact
duration of organised PA accumulated by Year 1 participants during class time across the
whole school week, in the current study one 60 min PE lesson was scheduled into the
school class timetable each week (of which an estimated 37.7% or 22 min of observed class
time was spent undertaking light PA or MVPA). During the four-week study period, no
additional sport time was timetabled, and observations (Table 1) indicated that non-PE
organised PA (i.e., classroom-based PA) was limited to 2.8% of observed class time, with
this equating to an estimated 18 min per week.
In relation to the intensity levels of PA undertaken by children, participants were
observed to achieve higher levels of MVPA during organised PA opportunities than during
classroom academic lessons. Year 1 children’s MVPA was most prevalent in PE lessons,
with 21% of observation intervals during PE spent at this PA intensity. This finding is
similar to that reported by McIver et al. [27], who found children from Kindergarten to
Grade 5 spent 15% of observed PE lessons in MVPA. As outlined in a comprehensive school
physical activity program, one of the indicators of quality PE is for children to spend 50% of
PE lessons being active [16,42]. In the present study, sedentary activities coded during PE
lessons were explained by periods when children were sitting or standing still, listening to
instructions being given by the PE teacher, or waiting for their turn. Furthermore, observed
PE lessons involved children engaging in gross motor skills such as catching, throwing and
kicking, which meant that activities were coded as ‘stationary involving limb/trunk move-
ment’ but with no translocation (Table S1). Therefore, providing professional development
and training to classroom teachers and specialist PE teachers outlining methods to increase
Year 1 children’s MVPA during PE lessons (e.g., incorporating higher intensity activities
such as games that involve running and jumping) and strategies to minimise periods of
inactivity (e.g., minimising transition times) may be important [42,43]. In future, it may be
useful to validate the OSRAC-E against accelerometry to confirm whether MVPA coded
using the OSRAC-E is correlated with levels of MVPA measured by accelerometry.
Although classroom-based PA was only observed on limited occasions (2.8% of the
total time intervals), its presence during school class time provided evidence of how physi-
cally active lessons and PA breaks could be integrated into existing Year 1 class routines.
The most popular types of classroom-based PA included PA breaks with a non-academic
focus either delivered by the classroom teacher directly, or via the teacher using technology.
Interestingly, the percentage of observed intervals that involved MVPA during teacher
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and technology-led PA breaks with a non-academic focus appeared to be higher than that
observed during academic lessons, consistent with findings from experimental studies
evaluating the impact of classroom-based PA interventions on children’s MVPA [44,45].
However, as there were only a small number of observed intervals involving classroom-
based PA, these results should be interpreted with caution. The higher percentage of
observed intervals involving children engaging in MVPA during whole class activities
compared to group activities was most likely due to teachers structuring PE lessons and
classroom-based PA opportunities as whole-class activities, and thus all children were
encouraged to engage in these activities at the same time. This likelihood is supported
by the supposition of Russ et al. [22] that classroom-based PA directed by a teacher may
result in more MVPA than light PA, whereas incidental PA that occurs in the classroom
may involve more light PA. Teacher and technology-led physically active academic lessons
were seldom observed in the current study (<0.5% of total observed intervals), suggesting
either that classroom teachers were not familiar with this approach in the classroom or that
there may be barriers for teachers trying to integrate PA into academic lessons with Year
1 children. Overall, these findings were similar to those reported by Russ et al. [22], who
reported during their pilot of the SOSMART tool that the median percentage of occurrence
of non-academic and academic-infused movement within or between lessons was 2.2%
(range 0–9.5%) and 0% (range 0–4%), respectively.
Interestingly, the majority of light PA recorded during observation intervals in the
current study occurred during academic lessons. The most likely explanation for this was
the number of teacher-directed and incidental transitions recorded during class activities
or when changing classes from one instructional context to another, resulting in an ac-
cumulation of light PA. These findings are similar to those reported by Russ et al. [22],
who observed a higher frequency of incidental types of movement than structured active
lessons and breaks, in children aged seven to eight years old. Notably, the findings in the
present study also indicate that when children completed classroom activities in small
groups, with or in the presence of their peers, they were more likely to engage in light PA
than when activities were completed as a whole class. This could be attributed to the fact
that children were more freely able to move around the classroom to collect supplies or
to talk to the teacher or their peers when working at their own pace during group-based
activities. Conversely, when children were engaged in activities as a whole class, it often
involved the teacher giving instructions to children while they sat on the carpet, which
meant children were concentrating on listening to the teacher and were not required to
move about the classroom to access supplies.
4.2. Future Opportunities to Incorporate Structured and Unstructured PA Opportunities into the
Regular School Class Schedule
Evidence of the existing PA opportunities being provided to Year 1 children during
school class time means that it may be possible to build upon this current practice. This
study revealed that although classroom-based PA was seldom included during school class
time, the most frequently used method was the inclusion of PA breaks during transitions
from one instructional context to another, which may indicate this was relatively easy to
implement into the class routine. Observed PA breaks typically had a non-academic focus
and were either delivered by the classroom teacher or using technology (i.e., online dance
videos). Classroom teachers were rarely observed incorporating movement into academic
lessons, which suggests there is potential to further explore utilisation of this method. An
array of resources have been developed to support teachers who wish to provide PA breaks
and physically active lessons and these may be useful in assisting teachers to implement
classroom-based PA more often during school class time (see review by Webster et al. [19]
(p. 4) for some examples of resources available).
The types of activities that resulted in MVPA during classroom-based PA included
running and jumping on the spot (Table 2). Dance videos primarily involved children
standing on one spot while copying the corresponding movements. Unless activities such
as jumping or running on the spot were repeated, most often they were coded as stationary
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with limb/trunk movement, due to there being no translocation. It would be important
to validate the PA intensity levels achieved during dance videos, using accelerometry, to
confirm the level of PA intensity children are undertaking. Further investigation is also
warranted to determine whether to target specific intensities of PA (e.g., MVPA) during
activities and/or whether children will benefit from any form of movement and breaking
up sedentary time.
While classroom-based PA is one approach for teachers to more formally structure
PA opportunities into the school day, findings from this study have shed light on the
need for teachers and schools to consider the role the environment (e.g., the physical
layout of the classroom, access to outdoor open spaces) and social context (e.g., class
group composition) may play in increasing unstructured PA opportunities during school
class time. The frequency of children’s incidental movement observed during classroom
activities in the present study was related to the way the classroom teacher grouped
children during those activities. This suggests that teachers may be able to influence the
degree of children’s incidental PA in the classroom by scheduling group activities that may
in turn lead to children moving around the classroom more often. Furthermore, structuring
the physical layout of the classroom in a way that encourages children to move during
classroom activities in order to collect supplies, communicate with others or interact with
equipment or resources may also lead to an accumulation of incidental PA [19,22]. In
addition, offering children a variety of different learning spaces and materials, for example,
desks of different heights, may encourage children to regularly change position by kneeling,
sitting or standing at different workstations during activities.
4.3. Study Limitations
It is important to acknowledge several limitations to this study. Firstly, the OSRAC-
E direct observation tool has yet to be validated against other measures of PA such as
accelerometry and thus recorded intensity levels of PA may have been over or underesti-
mated. Research suggests that adopting multiple simultaneous approaches to measuring
PA may lead to a more complete profile of children’s PA [23]. For this study, permission
was initially sought to assess children’s PA using both accelerometry and direct observation
to allow for this triangulation of data, however, approval to use accelerometers with study
participants was not granted.
Another factor leading to a potential over or underestimation of PA intensity was that
only a small number of participants were observed at one school, and these may differ from
other children of the same age at the same or different schools. However, the observer did
spend one whole school week with each Year 1 class over a four-week period and observe
34 different participants, and thus sampling was representative of the timetable (e.g.,
scheduled number of hours for English, mathematics, PE) and a range of children in the
classes. Further limitations to the generalizability of the study findings include the fact that
only one school agreed to participate, despite a more representative sample being invited.
Nevertheless, given that teaching in all schools in Australia is guided by the Australian
Curriculum [34], this observational study conducted in an Australian school provides a
valuable indication of the extent to which PA may occur in Year 1 classrooms across many
schools. To our knowledge, this study was the first to assess the frequency, type and context
of Year 1 children’s PA in Australia using the OSRAC-E. Whilst further research of this
nature with larger sample sizes is warranted, this study provides valuable insight into
existing classroom routines and PA practices, as a guide and catalyst for further research.
It is important to also acknowledge that some of the observation intervals occurred
during assessment weeks designed to facilitate mid-year reporting of student grades. This
meant that in some activities such as English and mathematics small group rotations were
not undertaken as planned, which may have resulted in an increase in sedentary time.
However, these intervals represented less than 5% of the total number of observations.
Furthermore, the primary school setting is dynamic and thus observation of children’s
PA was occasionally challenging, particularly during highly active periods when children
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were moving fast and there were many different activities occurring simultaneously. How-
ever, the advantage of the OSRAC-E being a focal child system meant that observer error
due to environmental complexity was minimised, as long as the observer was able to view
the focal child. Finally, all observation intervals were recorded by one observer. This may
have subsequently resulted in observer bias leading to limitations in the generalizability
of the findings. However, the observer had knowledge of, and experience in assessing
children’s PA levels and motor proficiency, along with specific professional experience
delivering gross motor programs to Year 1 students within the primary school context.
5. Conclusions
The collective findings from this study advance current understanding of Year 1 chil-
dren’s PA and the context of this PA during school class time. The future opportunities
available to incorporate PA into the regular class schedule were also identified. Overall,
the findings reveal that Year 1 children were observed to be predominantly sedentary
during school class time, undertaking limited amounts of light PA and MVPA, including
organised and incidental PA. Implementing movement into academic lessons or during
transitions between lessons was identified as a key strategy to encourage children to be
more active during class time. Children’s incidental PA may also be facilitated by schedul-
ing group activities and/or structuring the physical layout of the classroom to encourage
movement. The findings from this study may interest school principals, classroom teachers,
specialist PE teachers and other policy makers interested in identifying ways to implement
opportunities for children in the early years of primary school to be active during class
time, as part of a whole-of-school approach to PA promotion. Findings are also relevant to
health professionals working in schools who are qualified to promote children’s health and
wellbeing, as they may be able to support educators to implement these practices.
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Appendix A









Teacher changed from one activity context to another (i.e., when the
corresponding activity context category was coded as transition,
snack break or classroom-based physical activity (teacher or
technology-led with non-academic focus)
Core learning lessons English and mathematics. Inclusive of snack break and classroom PA(teacher or technology-led with academic focus)
Other
Non-academic activities observed including morning roll call, free




Classroom PA PA observed in classroom (excluding PE and school sport)
Classroom PA—Teacher led
(non-academic) b
PA observed in classroom—delivered by the teacher, non-academic
focus (i.e., PA break)
Classroom PA—Teacher led (academic) b




PA observed in classroom—delivered using technology (e.g., online
dance video), non-academic focus
Classroom PA—Technology led
(academic) b
PA observed in classroom—delivered using technology (e.g., online
dance video), academic focus
Physical education/school sport
Activity observed during PE lessons. School sport: the school sports
carnival was timetabled into the regular 1-h PE lesson (i.e., replaced
PE that one week)
Snack Eating fruit snack during break or while completing academic work
Transition Change in one activity context to another (excluding classroom-basedPA and snack breaks)
Group
composition
Whole class Children complete an activity involving the whole class
Group Children complete an activity with or in the presence of a smallgroup of peers
Transitions Teacher-directed transition b
The teacher asked students to move from one area to another (i.e.,
carpet to desk), either to start an activity (i.e., collect supplies), or
finish an activity (i.e., pack up learning materials) in preparation for a
new activity
Incidental Transition b
The student engaged in physical activity, without receiving
instruction from the teacher to do so (i.e., collecting learning
materials, moving to speak to the teacher/peers)
PA: physical activity; PE: physical education, a See McIver et al. [27] for original description of codes for observation categories, b See Russ
et al. [22] for original description of codes for transitions.
References
1. Aubert, S.; Barnes, J.D.; Abdeta, C.; Abi Nader, P.; Adeniyi, A.F.; Aguilar-Farias, N.; Andrade Tenesaca, D.S.; Bhawra, J.; Brazo-
Sayavera, J.; Cardon, G. Global matrix 3.0 physical activity report card grades for children and youth: Results and analysis from
49 countries. J. Phys. Act. Health 2018, 15, S251–S273. [CrossRef]
2. World Health Organization. Global Strategy on Diet, Physical Activity and Health. Available online: http://www.who.int/
dietphysicalactivity/pa/en/ (accessed on 11 May 2019).
3. Department of Health. Australian 24-Hour Movement Guidelines for Children and Young People (5 to 17 Years): An Integration of
Physical Activity, Sedentary Behaviour, and Sleep; Commonwealth of Australia: Canberra, Australia, 2019.
Int. J. Environ. Res. Public Health 2021, 18, 3676 16 of 17
4. Poitras, V.J.; Gray, C.E.; Borghese, M.M.; Carson, V.; Chaput, J.-P.; Janssen, I.; Katzmarzyk, P.T.; Pate, R.R.; Connor Gorber, S.; Kho,
M.E. Systematic review of the relationships between objectively measured physical activity and health indicators in school-aged
children and youth. Appl. Physiol. Nutr. Metab. 2016, 41, S197–S239. [CrossRef] [PubMed]
5. Okely, A.D.; Salmon, J.; Vella, S.; Cliff, D.; Timperio, A.; Tremblay, M.; Trost, S.; Shilton, T.; Hinkley, T.; Ridgers, N. A Systematic
Review to Update the Australian Physical Activity Guidelines for Children and Young People; Commonwealth of Australia: Canberra,
Australia, 2012.
6. Biddle, S.J.; Ciaccioni, S.; Thomas, G.; Vergeer, I. Physical activity and mental health in children and adolescents: An updated
review of reviews and an analysis of causality. Psychol. Sport Exerc. 2018, 42, 146–155. [CrossRef]
7. Donnelly, J.E.; Hillman, C.H.; Castelli, D.; Etnier, J.L.; Lee, S.; Tomporowski, P.; Lambourne, K.; Szabo-Reed, A.N. Physical
activity, fitness, cognitive function, and academic achievement in children: A systematic review. Med. Sci. Sports Exerc. 2016, 48,
1197–1222. [CrossRef]
8. Singh, A.S.; Saliasi, E.; Van Den Berg, V.; Uijtdewilligen, L.; De Groot, R.H.; Jolles, J.; Andersen, L.B.; Bailey, R.; Chang, Y.-K.;
Diamond, A. Effects of physical activity interventions on cognitive and academic performance in children and adolescents: A
novel combination of a systematic review and recommendations from an expert panel. Br. J. Sports Med. 2019, 53, 640–647.
[CrossRef] [PubMed]
9. Best, J.R. Effects of physical activity on children’s executive function: Contributions of experimental research on aerobic exercise.
Dev. Rev. 2010, 30, 331–351. [CrossRef] [PubMed]
10. Diamond, A. Effects of physical exercise on executive functions: Going beyond simply moving to moving with thought. Ann.
Sports Med. Res. 2015, 2, 1011.
11. Tomporowski, P.D.; McCullick, B.; Pendleton, D.M.; Pesce, C. Exercise and children’s cognition: The role of exercise characteristics
and a place for metacognition. J. Sport Health Sci. 2015, 4, 47–55. [CrossRef]
12. Pesce, C.; Croce, R.; Ben-Soussan, T.D.; Vazou, S.; McCullick, B.; Tomporowski, P.D.; Horvat, M. Variability of practice as an
interface between motor and cognitive development. Int. J. Sport Exerc. Psychol. 2019, 17, 133–152. [CrossRef]
13. Langford, R.; Bonell, C.P.; Jones, H.E.; Pouliou, T.; Murphy, S.M.; Waters, E.; Komro, K.A.; Gibbs, L.F.; Magnus, D.; Campbell,
R. The WHO health promoting school framework for improving the health and well-being of students and their academic
achievement. Cochrane Database Syst. Rev. 2014. [CrossRef]
14. Audit Office of New South Wales. New South Wales Auditor-General’s Report Performance Audit: Physical Activity in Government
Primary Schools; Audit Office of New South Wales: Sydney, Australia, 2012.
15. World Health Organization. Health Promoting School: An Effective Approach for Early Action on Ncd Risk Factors. Available
online: https://www.who.int/healthpromotion/publications/health-promotion-school/en/ (accessed on 17 April 2019).
16. Centers for Disease Control and Prevention. Comprehensive School Physical Activity Programs: A Guide for Schools; Department of
Health and Human Services: Atlanta, GA, USA, 2013.
17. Active Healthy Kids Australia. Muscular Fitness: It’s Time for a Jump Start; The 2018 Active Healthy Kids Australia Report Card on
Physical Activity for Children and Young People; Active Healthy Kids Australia: Adelaide, Australia, 2018.
18. Watson, A.; Timperio, A.; Brown, H.; Best, K.; Hesketh, K.D. Effect of classroom-based physical activity interventions on academic
and physical activity outcomes: A systematic review and meta-analysis. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 114. [CrossRef]
[PubMed]
19. Webster, C.A.; Russ, L.; Vazou, S.; Goh, T.; Erwin, H. Integrating movement in academic classrooms: Understanding, applying
and advancing the knowledge base. Obes. Rev. 2015, 16, 691–701. [CrossRef] [PubMed]
20. Norris, E.; Shelton, N.; Dunsmuir, S.; Duke-Williams, O.; Stamatakis, E. Physically active lessons as physical activity and
educational interventions: A systematic review of methods and results. Prev. Med. 2015, 72, 116–125. [CrossRef] [PubMed]
21. Martin, R.; Murtagh, E.M. Effect of active lessons on physical activity, academic, and health outcomes: A systematic review. Res.
Q. Exerc. Sport 2017, 88, 149–168. [CrossRef]
22. Russ, L.B.; Webster, C.A.; Beets, M.W.; Egan, C.; Weaver, R.G.; Harvey, R.; Phillips, D.S. Development of the system for observing
student movement in academic routines and transitions (sosmart). Health Educ. Behav. 2017, 44, 304–315. [CrossRef]
23. Dollman, J.; Okely, A.D.; Hardy, L.; Timperio, A.; Salmon, J.; Hills, A.P. A hitchhiker’s guide to assessing young people’s physical
activity: Deciding what method to use. J. Sci. Med. Sport 2009, 12, 518–525. [CrossRef]
24. Kohl III, H.W.; Fulton, J.E.; Caspersen, C.J. Assessment of physical activity among children and adolescents: A review and
synthesis. Prev. Med. 2000, 31, S54–S76. [CrossRef]
25. Sirard, J.R.; Pate, R.R. Physical activity assessment in children and adolescents. Sports Med. 2001, 31, 439–454. [CrossRef]
26. McKenzie, T.L.; Van Der Mars, H. Top 10 research questions related to assessing physical activity and its contexts using systematic
observation. Res. Q. Exerc. Sport 2015, 86, 13–29. [CrossRef]
27. McIver, K.L.; Brown, W.H.; Pfeiffer, K.A.; Dowda, M.; Pate, R.R. Development and testing of the observational system for
recording physical activity in children: Elementary school. Res. Q. Exerc. Sport 2016, 87, 101–109. [CrossRef]
28. Survey Monkey. Margin of Error Calculator. Available online: https://www.surveymonkey.com/mp/margin-of-error-calculator/
(accessed on 10 January 2020).
29. Australian Curriculum Assessment and Reporting Authority. Glossary: Index of Community Socio-Educational Advantage My
School Website. Available online: https://www.myschool.edu.au/glossary#i (accessed on 13 April 2019).
Int. J. Environ. Res. Public Health 2021, 18, 3676 17 of 17
30. McKenzie, T.L.; Sallis, J.F.; Nader, P.R. Sofit: System for observing fitness instruction time. J. Teach. Phys. Educ. 1992, 11, 195–205.
[CrossRef]
31. McKenzie, T.L.; Marshall, S.J.; Sallis, J.F.; Conway, T.L. Leisure-time physical activity in school environments: An observational
study using soplay. Prev. Med. 2000, 30, 70–77. [CrossRef]
32. Brown, W.H.; Pfeiffer, K.A.; McIver, K.L.; Dowda, M.; Almeida, J.M.; Pate, R.R. Assessing preschool children’s physical activity:
The observational system for recording physical activity in children-preschool version. Res. Q. Exerc. Sport 2006, 77, 167–176.
[CrossRef] [PubMed]
33. Tapp, J.; Wehby, J.; Ellis, D. A multiple option observation system for experimental studies: Mooses. Behav. Res. Methods Instrum.
Comput. 1995, 27, 25–31. [CrossRef]
34. Australian Curriculum Assessment and Reporting Authority. Learning f-2. Australian Curriculum Website. Available online:
https://www.australiancurriculum.edu.au/f-10-curriculum/learning-f-2/ (accessed on 15 April 2019).
35. IBM Corporation. Ibm Spss Statistics Version 26; IBM Corporation: Chicago, IL, USA, 2019.
36. Allen, P.; Bennett, K. Spss Statistics: A Practical Guide; Cengage Learning Australia Pty Ltd.: Sydney, Australia, 2012.
37. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates: Hillsdale, MI, USA, 1988.
38. Ministerial Council on Education Employment Training and Youth Affairs. Melbourne Declaration on Educational Goals for Young
Australians; Ministerial Council on Education, Employment, Training and Youth Affairs: Melbourne, Australia, 2008; pp. 8–14.
39. Riley, N.; Lubans, D.R.; Morgan, P.J.; Young, M. Outcomes and process evaluation of a programme integrating physical activity
into the primary school mathematics curriculum: The easy minds pilot randomised controlled trial. J. Sci. Med. Sport 2015, 18,
656–661. [CrossRef] [PubMed]
40. Australian Curriculum Assessment and Reporting Authority. Health and Physical Education. Australian Curriculum Website.
Available online: https://www.australiancurriculum.edu.au/f-10-curriculum/health-and-physical-education/ (accessed on 7
March 2021).
41. Stylianou, M.; Walker, J.L. An assessment of australian school physical activity and nutrition policies. Aust. N. Z. J. Public Health
2018, 42, 16–21. [CrossRef] [PubMed]
42. Hills, A.P.; Dengel, D.R.; Lubans, D.R. Supporting public health priorities: Recommendations for physical education and physical
activity promotion in schools. Prog. Cardiovasc. Dis. 2015, 57, 368–374. [CrossRef]
43. Lonsdale, C.; Rosenkranz, R.R.; Peralta, L.R.; Bennie, A.; Fahey, P.; Lubans, D.R. A systematic review and meta-analysis of
interventions designed to increase moderate-to-vigorous physical activity in school physical education lessons. Prev. Med. 2013,
56, 152–161. [CrossRef] [PubMed]
44. Howie, E.K.; Schatz, J.; Pate, R.R. Acute effects of classroom exercise breaks on executive function and math performance: A
dose–response study. Res. Q. Exerc. Sport. 2015, 86, 217–224. [CrossRef] [PubMed]
45. Whitt-Glover, M.C.; Ham, S.A.; Yancey, A.K. Instant recess®: A practical tool for increasing physical activity during the school
day. Prog. Community Health Partn. 2011, 5, 289–297. [CrossRef]
